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(54) LIGHT SOURCE SYSTEM AND PROJECTION SYSTEM

(57) A light source system and projection system, the
light source system comprising: a first light source (1)
producing first wide spectrum light, a second light source
(103) producing second wavelength light, a light splitting
and light combining device (2) used to split and combine
light, a first spatial light modulator (106), a second spatial
light modulator (107), and a control device (108) control-
ling the first light source (1) and the second light source

(103) and modulating the first spatial light modulator
(106) and the second spatial light modulator (107). The
projection system comprises the light source system. The
light source system and projection system have high
brightness and wide color gamut, effectively eliminating
rainbow effect, and also have a simple structure and low
cost.



EP 3 128 749 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to optical display technol-
ogies, and in particular, it relates to a light source system
and a projection system.

Description of Related Art

[0002] With the development of projection display
technologies, the technology has developed from the
original single-chip DMD (Digital Micromirror Device)
projection systems to three-chip DMD projection sys-
tems.
[0003] In conventional single-chip DMD display tech-
nology, the light source is a white light source. The white
light is filtered to sequentially generate red, green and
blue primary color lights; the red, green and blue lights
are sequentially inputted to the DMD, and processed by
the DMD to be output. Although such single-chip DMD
projection systems have a simple structure, its light uti-
lization efficiency is very low, as most light is loss in the
filtering step. This results in low brightness of the projec-
tion system. Moreover, by using a single DMD to sequen-
tially process the red, green and blue lights, the color
switching speed is limited, causing a "rainbow" effect. To
solve the above problems, three-chip DMD projection
technology is developed. A three-chip DMD projection
system uses a white light source; the white light is split
by a prism into red, green and blue primary color lights
which are inputted to three DMDs, which separately proc-
ess the received lights. Compared to single-chip DMD
projection systems, three-chip DMD projection systems
have higher light utilization efficiency. But such a system
has a relatively complex structure and are more difficult
to install, and are relatively costly.
[0004] How to balance the need for higher light utiliza-
tion efficiency and overall cost is a challenge in this area
of technology. In response, two-chip DMD projection sys-
tems are developed. For example, US Pat. No. 5612753
and US Pat. Appl. Pub. No. 2012/0257124 disclose two-
chip DMDs. Although such systems have a relatively sim-
ple structure as compared to three-chip DMD, their
brightness is not ideal, and they still cannot fully solve
the undesirable "rainbow" problem. Therefore, there is a
need for a new of light source system, which can deliver
high brightness and solve the problem of the "rainbow"
effect at the same time.

SUMMARY

[0005] An object of the present invention is to provide
a light source system and a projection system which sub-
stantially obviates the problems of low brightness and
"rainbow" effect of the conventional art.

[0006] In one aspect, the present invention provides a
light source system which includes: a first light source
for generating a first wide spectrum light; a second light
source for generating a second wavelength light; a light
splitting and light combining device, disposed on the light
paths of the first light source and the second light source,
for splitting the first wide spectrum light generated by the
first light source into a third light travelling along a first
path and a fourth wavelength light travelling along a sec-
ond path, and for directing at least a part of the second
wavelength light from the second light source to travel
along the second path; a first spatial light modulator, for
receiving light from the first path and modulate the re-
ceived light; a second spatial light modulator, for receiv-
ing light from the second path and modulate the received
light; and a control device, electrically coupled to the first
light source, the second light source, the first spatial light
modulator and the second spatial light modulator, for con-
trolling the first light source and the second light source,
and controlling the first spatial light modulator and the
second spatial light modulator to modulate light, wherein
wavelength ranges of the first wide spectrum light and
the second wavelength light are different, and wave-
length ranges of the third wavelength light and the fourth
wavelength light are different.
[0007] Preferably, the second wavelength light gener-
ated by the second light source is a wide spectrum light.
[0008] Preferably, the second wavelength light is a cy-
an light, and the first wide spectrum light is a yellow light.
[0009] Preferably, the second light source includes: a
second excitation light source for generating a second
excitation light; a second wavelength conversion device,
disposed on a light path of the second excitation light,
for absorbing the second excitation light to generate a
converted light; and a second drive device for drive the
second wavelength conversion device to move horizon-
tally, vertically or in a circular motion.
[0010] Preferably, the second wavelength conversion
device includes: a wavelength conversion layer; and a
substrate for carrying the wavelength conversion layer.
[0011] Preferably, the second wavelength conversion
device includes: a substrate; a wavelength conversion
layer; and a scattering layer, wherein the substrate car-
ries the wavelength conversion layer and the scattering
layer, wherein the wavelength conversion layer is dis-
posed between the substrate and the scattering layer, or
the scattering layer is disposed between the substrate
and the wavelength conversion layer.
[0012] Preferably, the light splitting and light combining
device splits the second wavelength light into a fifth wave-
length light travelling along the first path and a sixth wave-
length light travelling along the second path.
[0013] Preferably, the control device controls the first
spatial light modulator to modulate the third wavelength
light and the fifth wavelength light, and controls the sec-
ond spatial light modulator to modulate the fourth wave-
length light and the sixth wavelength light.
[0014] Preferably, the light splitting and light combining
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device includes a first reflector, a first dichroic element,
a second reflector, a TIR (total internal reflection) prism
and a Philips prism; wherein the first reflector and the
first dichroic element are disposed in parallel, for com-
bining the first wide spectrum light and the second wave-
length light using wavelength-based light combination;
wherein the second reflector reflects the second wave-
length light and the first wide spectrum light into the TIR
prism; wherein the Philips prism spits the light reflected
by the TIR prism, into a light travelling along the first path
and a light travelling along the second path.
[0015] Preferably, the light splitting and light combining
device further includes a light homogenization device,
disposed between the first dichroic element and the sec-
ond reflector, for homogenizing the first wide spectrum
light and the second wavelength light.
[0016] Preferably, the fourth wavelength light and the
fifth wavelength light have the same color but different
dominant wavelengths.
[0017] Preferably, the second light source is a solid
state semiconductor light emitting device, which emits
one of three primary color lights.
[0018] Preferably, the second light source is a laser
diode or a laser diode array.
[0019] Preferably, the light splitting and light combining
device includes a first dichroic element and a second
dichroic element, wherein the first dichroic element splits
the first wide spectrum light into a third light which is guid-
ed by it to travel along the firs path and a fourth wave-
length light which is reflected by it into the second dichroic
element, and wherein the second dichroic element
guides the second wavelength light and the fourth wave-
length light to travel along the second path.
[0020] Preferably, the second light source includes a
second excitation light source, a scattering device and a
drive device; wherein the second excitation light source
is a solid state semiconductor light emitting device, for
generating any one of the primary color lights; wherein
the scattering device is disposed on the light path of the
second excitation light source, for scattering the light gen-
erated by the second excitation light source; wherein the
second drive device drives the scattering device to move.
In any of the above systems, the first light source in-
cludes: a first excitation light source; a first wavelength
conversion device; and a first drive device; wherein the
first excitation light source generates a excitation light;
wherein the first excitation light source is a solid state
semiconductor light emitting device; wherein the first
wavelength conversion device is disposed on a light path
of the first excitation light, for absorbing the excitation
light to generate a converted light; wherein the first drive
device drives the first wavelength conversion device to
move.
[0021] Preferably, the first wavelength conversion de-
vice includes: a wavelength conversion layer, and a sub-
strate for carrying the wavelength conversion layer;
wherein the wavelength conversion layer contains a yel-
low phosphor material.

[0022] Preferably, the first wavelength conversion de-
vice includes: a wavelength conversion layer, a scatter-
ing layer, and a substrate for carrying the wavelength
conversion layer and the scattering layer; wherein the
wavelength conversion layer is disposed between the
scattering layer and the substrate.
[0023] Preferably, the first excitation light source is a
laser diode or laser diode array.
[0024] In any of the above systems, the first light source
is a solid state semiconductor light emitting device.
[0025] In any of the above systems, the control device
controls the first light source and the second light source
to sequentially turn ON/OFF, wherein the ON states of
the first light source and the second light source do not
overlap within a same period.
[0026] In any of the above systems, the control device
controls the first light source and the second light source
to turn OF/OFF, wherein the ON states of the first light
source and the second light source partially overlap but
do not completely overlap within a same period.
[0027] In any of the above systems, within a period,
the first light source and the second light source are each
turned ON/OFF at least N times, where N is a natural
number.
[0028] Embodiments of the present invention further
include a projection system, which includes any one of
the above light source systems.
[0029] In the above embodiments, by using a wide
spectrum light, and by using a control device to control
two spatial light modulators to modulate the wide spec-
trum light, the lights obtained by splitting the wide spec-
trum light are simultaneously modulated by the two spa-
tial light modulators without loss of light, which increases
the brightness of the light source system. Meanwhile, by
using two spatial light modulators controlled by a control
device to modulate the light, while ensuring the bright-
ness of the light source system, the overall structure of
the light source system can be made simpler and rela-
tively low-cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

Figure 1 schematically illustrates the structure of a
light source system according to a first embodiment
of the present invention.
Figures 2A and 2B show the spectra of the lights in
the first embodiment.
Figure 3 schematically illustrates the structure of a
part of the light source system of the first embodi-
ment.
Figure 4 schematically illustrates the structure of the
control device of the first embodiment.
Figure 5 shows a timing chart of the control sequenc-
es of the light sources and spatial light modulators
according to the first embodiment.
Figure 6 shows another timing chart of the control
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sequences of the light sources and spatial light mod-
ulators according to the first embodiment.
Figure 7 shows yet another timing chart of the control
sequences of the light sources and spatial light mod-
ulators according to the first embodiment.
Figure 8 schematically illustrates the structure of a
light source system according to a second embodi-
ment of the present invention.
Figure 9 schematically illustrates the structure of a
light source system according to a third embodiment
of the present invention.
Figure 10 schematically illustrates the structure of a
light source system according to a fourth embodi-
ment of the present invention.
Figure 11 schematically illustrates the structure of a
wavelength conversion device of the fourth embod-
iment.
Figure 12 schematically illustrates another structure
of the light source system according to the fourth
embodiment of the present invention.
Figure 13 schematically illustrates another structure
of the wavelength conversion device of the fourth
embodiment.
Figure 14 is a timing chart of the control sequences
of the light sources and spatial light modulators ac-
cording to the fourth embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0031] Details of the various embodiments of the
present invention are described below with reference to
the drawings.
[0032] In the following disclosures, the three primary
color lights are red, green and blue lights. A period refers
to the time period for processing one frame of image.
[0033] A light source system according to a first em-
bodiment of the present invention is described with ref-
erence to Figs. 1 to 7. Fig. 1 schematically illustrates the
structure of the light source system according to the first
embodiment of the present invention. The light source
system includes: a first light source 1, a second light
source 103, a light splitting and light combining device
2, a first spatial light modulator 106, a second spatial light
modulator 107, and a control device 108. The first light
source 1 and the second light source 103 are located on
the same side of the light splitting and light combining
device 2, and the light splitting and light combining device
2 is located on the output light path of the first light source
1, and also located on the output light path of the second
light source 103. The light splitting and light combining
device splits the light from the first light source 1 or the
second light source 103, and directs the lights into the
first spatial light modulator 106 or the second spatial light
modulator 107. The control device 108 is electrically cou-
pled to the first light source 1, the second light source
103, the first spatial light modulator 106 and the second
spatial light modulator 107.

(1) The first light source 1 generates a first wide spec-
trum light, the spectrum of which covers at least a
10 nm range, for example: a yellow light covering
475 nm to 700 nm (see Fig. 2A), or a cyan light cov-
ering 440 nm to 580 nm (see Fig. 2B). Preferably,
the spectrum of the first wide spectrum light covers
at least a 30 nm range. In this embodiment of the
invention, the first light source 1 employs a wide
spectrum light, which can be split into at least two
light beams using wavelength-based light separa-
tion, where the two light beams have the same timing
sequence. This design not only simplifies the struc-
ture of the light source (avoiding using multiple light
sources as in conventional technology), but also in-
creases light utilization efficiency (it is not necessary
to use a red phosphor to generate a red converted
light). At the same time, it can provide primary color
lights without having to use additional optical devices
to filter the light, which further simplifies the structure.
For example, a wide spectrum yellow light can be
split based on wavelength to obtain a green light and
a red light; a wide spectrum cyan light can be split
based on wavelength to obtain a blue light and a
green light.
The first light source 1 includes an excitation light
source 101 for generating an excitation light, a wave-
length conversion device 102, and a first drive device
100. The wavelength conversion device 102 is lo-
cated on the light path of the excitation light source
101. The first drive device 100 drives the wavelength
conversion device to move. The excitation light
source 101 is a solid state semiconductor light emit-
ting device. Preferably, the excitation light source
101 can generate a blue or a UV excitation light.
More preferably, the excitation light source 101 is a
laser diode (LD) or a light emitting diode (LED) or a
combination of the two that can generate a blue or
a UV light. The excitation light source may also be
an array of the above light sources, i.e., an LD array,
or an LED array, or an array of combination of LDs
and LEDs. Preferably, the excitation light source 101
uses LDs as the excitation light sources. Compared
to LEDs, LDs not only have lower etendue, but also
have higher light intensity and higher power.
The wavelength conversion device 102 includes a
substrate and a wavelength conversion layer, where
the substrate carries the wavelength conversion lay-
er. The wavelength conversion layer contains a
phosphor material that can absorb the excitation light
and convert it to a wide spectrum light, such as yellow
phosphor, cyan phosphor, magenta phosphor, etc.
Preferably, when the substrate is a round shape, the
wavelength conversion layer is distributed in a ring
shape along the periphery of the substrate, and when
the substrate is a rectangular shape, the wavelength
conversion layer is distributed in a band shape on
the substrate surface. The first drive device 100
drives the wavelength conversion device 102 to
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move (either a circular movement or a horizontal or
vertical linear movement), so that the light spot
formed by the excitation light on the wavelength con-
version layer acts on the wavelength conversion lay-
er along a predetermined path. Preferably, the first
drive device 100 is a drive motor, and the substrate
is a round plate, where the motor shaft is located at
the center of the substrate.
(2) The second light source 103 generates a second
wavelength light, which has a spectral shape differ-
ent from the first wide spectrum light. The color of
the light generated by the second light source 103
is not limited, and can be designed based on the
output light of the first light source 1. The light from
the first light source 1 after splitting and the light gen-
erated by the second light source 103 combined in-
clude at least the three primary color lights. Prefer-
ably, the light generated by the second light source
103 is any one of the primary colors (i.e. any one of
red, green and blue). For example, when the first
light source 1 generates a yellow light, which is split
into a red light and a green light, then the second
light source 103 is preferably a blue light; when the
first light source 1 generates a cyan light, which is
split into a green light and a blue light, then and the
second light source 103 is preferably a red light; etc.
Other combinations are also possible. In this embod-
iment, the second light source 103 may be LEDs or
LDs. Preferably, the second light source 103 is a LD
or LD array, so that the etendue of the second light
source 103 is relatively small and its brightness is
relatively high; this also facilitates downstream
wavelength-based light combination using the light
splitting and light combining device 2.
For convenience, the following descriptions of this
embodiment use an example where the wavelength
conversion layer is a yellow phosphor and the sec-
ond wavelength light generated by the second light
source 103 is a blue light.
(3) The light splitting and light combining device 2 is
used to split the first wide spectrum light into a third
wavelength light travelling along the first path 11 and
a fourth wavelength light travelling along the second
path 12, and direct at least a part of the second wave-
length light to travel along the second path 12.
The light splitting and light combining device 2 in-
cludes a first dichroic element 104 and a second di-
chroic element 105. The first dichroic element 104
is located between the first spatial light modulator
106 and the first light source 1, and the second di-
chroic element 105 is located between the second
light source 103 and the second spatial light modu-
lator 107. The first light source 1 outputs a yellow
light (i.e., the yellow phosphor is excited to generate
a yellow light). The yellow light is input on the first
dichroic element 104, and is split into the red third
wavelength light and green fourth wavelength light.
The first dichroic element 104 is designed to transmit

red light and reflect green light, and the second di-
chroic element 105 is designed to transmit blue light
and reflect green light. The red light travels along the
first path 11 to enter the first spatial light modulator
106, and the green light is reflected to the second
dichroic element 105 and then travels along the sec-
ond path 12 to enter the second spatial light modu-
lator 107.
A dichroic element is an optical element that can
reflect light of one wavelength range and transmit
light of another wavelength range, or can reflect light
of one or more wavelength ranges and transmit light
of one or more other wavelength ranges.
(4) The first spatial light modulator 106 is used to
modulate the light traveling along the first path 11.
The second spatial light modulator 107 is used to
modulate the light traveling along the second path
12. The first spatial light modulator 106 and the sec-
ond spatial light modulator 107 may include DMD
(Digital Micromirror Device) devices, LCD (Liquid
Crystal Display) devices, LCOS (Liquid Crystal on
Silicon) devices, etc.
The first spatial light modulator 106 modulates the
red light, and the second spatial light modulator 107
modulates the blue light and green light in a time
sequence. The yellow light is generated by exciting
a yellow phosphor, and the yellow light is split into a
red light and a green light. On the one hand, yellow
phosphors have high light conversion efficiency; on
the other hand, the red light and the green light have
the same timing, and can both be utilized simultane-
ously, which greatly increase the light conversion ef-
ficiency and utilization efficiency of the light source.
When the first light source is a cyan light, the cyan
light is split into a blue light and a green light, while
the second light source provides the red light, which
also increases the light conversion efficiency and uti-
lization efficiency of the light source.
(5) The control device 108 is used to control the first
light source 1 and the second light source 103, as
well as to control the first spatial light modulator 106
and the second spatial light modulator 107 to mod-
ulate the lights.

[0034] As shown in Fig. 3, the control device 108 per-
forms pulse width modulation of the first light source 1
and the second light source 103, to achieve control of
the brightness and the ON/OFF of the first light source 1
and the second light source 103. The control device 108
controls the first spatial light modulator 106 and the sec-
ond spatial light modulator 107 to modulate the timing
sequence of the lights and the light output amounts.
[0035] As shown in Fig. 4, the control device 108 may
include a data processing module 1081 and a control
module 1082. When the source data is inputted to the
control device 108, the data processing module 1081
processes the data. Based on the data, the control mod-
ule 1082 controls the ON/OFF of the first light source 1
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and the second light source 103; it further controls the
first spatial light modulator 106 and the second spatial
light modulator 107 to modulate the light based on the
ON/OFF states of the light sources. The source data in-
cludes video or image data.
[0036] The control process of the control module 1082
is described below with reference to Figs. 5-7. The control
module 1082 controls the first light source 1 and the sec-
ond light source 103 to sequentially turn ON/OFF, where
the ON states of the first light source and second light
source do not overlap within the same period. As shown
in Fig. 5, within the same period, during the first 0.3T, the
control module 1082 controls the first light source 1 to be
OFF and controls the second light source 103 to be ON;
the light from the second light source 103 (for example,
a blue light) is input to the second spatial light modulator
107 via the second path. The control module 1082 con-
trols the second spatial light modulator 107 to modulate
the blue light to output blue light signals corresponding
to the video or image data. During 0.3T-1T, the control
module 1082 controls the first light source 1 to be ON
and controls the second light source 103 to be OFF; the
excitation light source 101 of the first light source 1 emits
an excitation light, which is input on to the wavelength
conversion device 102, so that the wavelength conver-
sion material on the wavelength conversion device 102
generates a converted light, for example, a yellow con-
verted light. The light splitting and light combining device
splits the yellow light into a red light and a green light.
The red light is input to the first spatial light modulator
106 via the first path, and the green light is input to the
second spatial light modulator 107 via the second path.
The control module 1082 controls the first spatial light
modulator 106 to modulate the ref light so as to output
red light signals corresponding to the video or image data,
and controls the second spatial light modulator 107 to
modulate the green light so as to output green light sig-
nals corresponding to the video or image data. The con-
trol by the control device 108 of the spatial light modula-
tors is based on the processed data outputted by the data
processing module 1081. More specifically, the first spa-
tial light modulator 106 and the second spatial light mod-
ulator 107 are controlled to modulate the red, green and
blue colors based on the R, G and B values of each pixel
of the image frame, so that the color of the output light
from the spatial light modulators corresponds to the R,
G, B values of each pixel of the image frame, to ensure
the high fidelity of the image display. Fig. 5 shows the
control module 1082 controls the first light source and
the second light source to be sequentially ON and OFF.
In practice, the ON/OFF states of the first light source
and the second light source can overlap within the same
period T, as shown in Fig. 6.
[0037] Here, only the differences between Fig. 6 and
Fig. 5 are described. The control module controls the
ON/OFF of the first light source and the second light
source, where the ON state of the first light source 1 and
the second light source 103 at least partially overlap with-

in the same period. As shown in Fig. 6, in the same period,
the ON intervals of the first light source 1 and the second
light source 103 may overlap, for example in time interval
0.3T - 0.4T, the first light source 1 and the second light
source 103 are both ON (see panels 6A and 6B); at this
time, the first spatial light modulator 106 modulates the
red light during 0.3T - 0.4T (see panel 6C), and the sec-
ond spatial light modulator 107 modulates the cyan light
(see panel 6D), where the cyan light is a combined light
of the blue light and green light. This modulation mode
can increase the brightness of the output light of the spa-
tial light modulators. This modulation mode is equivalent
to adding a cyan primary color light, which expands the
color gamut and increases output brightness.
[0038] Of course, the first light source 1 and the second
light source 103 turn ON/OFF at least N times (N being
a natural number) within one period. This is explained
with reference to Fig. 7. The control module 1082 per-
forms pulse width modulation (PWM) for the first light
source 1 and the second light source 103. There are no
special limitations on the duty cycles of the first light
source 1 and the second light source 103; for example,
the duty cycle of the first light source 1 may be 60% and
that of the second light source 103 may be 40% or 50%,
etc. In this embodiment, by increasing the color switching
speed in the time domain, the "rainbow" effect may be
eliminated.
[0039] In this embodiment, the first light source 1 gen-
erates a wide spectrum light, and the second light source
103 generates any one of the three primary color lights;
the control device controls the two light sources, and con-
trols the spatial light modulators to modulate lights, such
that the lights from both the first light source 1 and the
second light source 103 are utilized, which increases the
efficiency of the light source. Also, the spatial light mod-
ulators can work simultaneously to simultaneously mod-
ulate different colored lights, which increases the switch-
ing speed of the primary colors, effectively avoiding the
"rainbow" effect. Moreover, by using two spatial light
modulators, the system structure is relatively simple and
the cost is relatively low while maintaining the output
brightness of the light source system.
[0040] The second embodiment of the present inven-
tion relates to a light source system, explained below with
reference to Fig. 8. The light source system includes a
first light source 801, a second light source 802, a light
splitting and light combining device 2, a first spatial light
modulator 805, a second spatial light modulator 806 and
a control device 807.
[0041] Differences between this embodiment and the
first embodiment include: the first light source 801 in-
cludes a mixed light source; the a mixed color light gen-
erated by the mixed light source is split by the light split-
ting and light combining device 2 to produce at least two
different color lights, which respectively travel along the
first path 81 and the second path 82 to be inputted to the
first spatial light modulator and second spatial light mod-
ulator. The mixed light source includes solid state sem-
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iconductor light emitting devices, preferably LED or LD.
For example, it may be an LED light source that includes
any two of the three primary colors, or an LED chip coated
with a wavelength conversion material, or a combination
of LEDs and/or LDs of any two of the three primary colors.
A mixed light source employing LED and LD can not only
increase the brightness of the light source, but also pro-
duce a wide spectrum light. The control device 807 con-
trols the mixed light sources of the first light source 801
to simultaneously turn ON/OFF. The light from the mixed
light source is directly input a first dichroic element 803
of the light splitting and light combining device 2, and is
split into a red light traveling along the first path and a
green light traveling along the second path. In this em-
bodiment, the light source of the light source system may
be a mixed light sources that does not required a wave-
length conversion device, making the overall structure
simpler and significantly increase the overall brightness
of the light source system.
[0042] The third embodiment of the present invention
relates to a light source system, explained below with
reference to Fig. 9. The light source system includes a
first light source 1, a second light source 904, a light split-
ting and light combining device 2, a first spatial light mod-
ulator 907, a second spatial light modulator 908 and a
control device 909.
[0043] Differences between this embodiment and the
first embodiment include: The first light source 1 includes
an excitation light source 901 for generating an excitation
light, a wavelength conversion device 902 which absorbs
the excitation light and converts it to a converted light,
and a dichroic filter 903. The wavelength conversion de-
vice 902 may be a transmission type device or a reflection
type device. When the wavelength conversion device
902 is transmission type (not shown in Fig. 9), the exci-
tation light source 901 is located on a side of the wave-
length conversion device 902 that is coated with the
wavelength conversion material or the opposite side (i.e.
the side farther away from the light splitting and light com-
bining device 2), and the dichroic filter 903 is located
between the wavelength conversion device 902 and the
excitation light source 901. The dichroic filter 903 trans-
mits the excitation light and reflects the converted light,
so that the converted light input onto the dichroic filter
903 is reflected to become the output light of the first light
source, which can increase the brightness of the output
light. When the wavelength conversion device 902 is a
reflection type (shown in Fig. 9), the excitation light
source 901 and the dichroic filter 903 are located on the
same side of the wavelength conversion device 902, the
dichroic filter 903 is located on the light path of the con-
verted light, and the excitation light generated by the ex-
citation light source 901 is incident on the wavelength
conversion device at an oblique angle. The dichroic filter
903 transmits the converted light and reflects the excita-
tion light, so as to reflect the un-absorbed excitation light
that falls on the dichroic filter 903 back to the wavelength
conversion device 902. Such back-reflected light can

again be used to excite the wavelength conversion ma-
terial on the wavelength conversion device 902, so that
the excitation light can be fully utilized to generate more
converted light, which increases the brightness of the
output light.
[0044] Further, the light source system of this embod-
iment may include one or more lenses, for condense or
collect the light, so as to reduce light loss during propa-
gation and increase light utilization efficiency. The lenses
may be located between the excitation light source and
the wavelength conversion device, and/or between the
wavelength conversion device and the dichroic filter,
and/or between the first light source and the light splitting
and light combining device, and/or between the second
light source and the light splitting and light combining
device, etc. The number of the lenses in the light source
system is not limited, and their locations can be deter-
mined based on the light collection need.
[0045] In the above three embodiments of the present
invention, the light splitting and light combining device
uses wavelength based light combination to combine the
first wide spectrum light and the second wavelength light;
this does not increase the etendue of the system, there-
fore can increase the light generating efficiency and
brightness of the projection system.
[0046] The fourth embodiment of the present invention
relates to a light source system, explained below with
reference to Fig. 10. The light source system of this em-
bodiment includes a first light source 1, a second light
source 3, a light splitting and light combining device 2, a
first spatial light modulator 1013, a second spatial light
modulator 1014 and a control device 1015. The light split-
ting and light combining device 2 is located on the light
paths of the first light source 1 and the second light source
3, for splitting or combining the lights from the first light
source 1 and the second light source 3 and then directing
them to the first spatial light modulator 1013 and the sec-
ond spatial light modulator 1014. The control device 1015
is electrically coupled to the first light source 1, the second
light source 3, the first spatial light modulator 1013 and
the second spatial light modulator 1014, to control the
first light source 1 and the second light source 3, and to
control the first spatial light modulator 1013 and the sec-
ond spatial light modulator 1014 to modulate light.

(1) The first light source 1 generates a first wide spec-
trum light, the spectrum of which covers at least a
10 nm range. Preferably, the spectrum of the first
wide spectrum light covers at least a 30 nm range.
In this embodiment, the first light source 1 may in-
clude a first excitation light source 1001 and a first
wavelength conversion device 1002. The first exci-
tation light source 1001 is preferably a solid state
semiconductor light emitting device, for generating
an excitation light. The excitation light may be a blue
or a UV light. The wavelength conversion device
1002 includes a wavelength conversion layer (which
contains a phosphor material). The first wavelength
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conversion device 1002 absorbs the excitation light
and generates a converted light different from the
excitation light. As shown in Fig. 11, the wavelength
conversion material is coated in a ring shaped re-
gions 102 of the wavelength conversion device 1002,
forming a wavelength conversion layer. The phos-
phor material may be magenta, red, green, cyan, or
yellow phosphor material. In this embodiment, the
wavelength conversion layer preferably uses a yel-
low phosphor, which is excited by the excitation light
to generate a yellow light. The yellow light is in the
wavelength range of 567 nm - 617 nm. Of course, in
this embodiment, the first light source 1 may also
include a first drive device, for driving the first wave-
length conversion device 1002 to move. Preferably,
the drive device is a motor. The first excitation light
source 1001 is located on one side of the first wave-
length conversion device 1002, and the excitation
light from the first excitation light source 1001 is in-
cident on the phosphor material of the first wave-
length conversion device 1002; the first drive device
is located on an area of the first wavelength conver-
sion device 1002 other than where the wavelength
conversion is located.
(2) The second light source 3 may generate a wide
spectrum light or any one of the three primary color
lights. The three primary color lights are red, green
and blue lights; the wide spectrum light covers at
least a 10 nm range.
On the one hand, when the light generated by the
second light source 3 is any one of the three primary
color lights, as shown in Fig. 10, the second light
source 3 may include a second excitation light
source 1003, and the light it generates is preferably
a blue light. The second light source 3 may further
include a scattering device 1004, located on the light
path of the second excitation light source 1003, for
eliminating the coherency of the light of the second
excitation light source 1003 in order to reduce speck-
les. The scattering device 1004 may include a trans-
parent substrate having a scattering material on it.
Or, the scattering device may include a transmissive
scattering substrate formed of a scattering material.
Because heat is generated when light shines on an
object, the scattering device 1004 may further in-
clude a motor to drive the substrate to move, so that
the scattering device 1004 moves. This avoids large
amount of heat concentrated on one location of the
scattering device 1004 which may affect its scatter-
ing efficiency. In this embodiment, the effective scat-
tering region of the scattering device 1004 is located
on the light path of the second excitation light source
1003; by using the scattering device, speckles can
be effectively eliminated from the ultimate output
light.
On the other hand, when the second light source 3
generates a wide spectrum light, as shown in Figs.
12 and 13, it may include a second excitation light

source 1203, a wavelength conversion device 1204,
where the wavelength conversion device 1204 is lo-
cated on the light path of the second excitation light
source 1203. The second excitation light source
1203 may be a solid state semiconductor light emit-
ting device generating a blue or UV light, for gener-
ating an excitation light. The wavelength conversion
device 1204 includes a substrate 1303 carrying a
wavelength conversion layer 1301. The substrate
1303 may be, without limitation, a transmission type
substrate of a reflection type substrate. In the illus-
trated embodiment of Fig. 12, the wavelength con-
version device 1204 has a transmission type sub-
strate 1303 (refer to the structure of the first light
source shown in Fig. 9 for the structure of a wave-
length conversion device using a reflection type sub-
strate). The wavelength conversion layer 1301 pref-
erably includes a magenta phosphor or a cyan phos-
phor. The wavelength conversion layer 1301 is coat-
ed on an outer periphery of the 1303. Further, the
wavelength conversion device 1204 may include a
scattering layer 1302, located between the wave-
length conversion layer 1301 and the substrate
1303; or, the wavelength conversion layer 1301 is
located between the scattering layer 1302 and the
substrate 1303. The scattering layer 1302 can make
the output light of the second light source 3 more
uniform, and avoid speckles in the ultimate output
light. Also, the scattering layer 1302 and the wave-
length conversion layer 1301 may be the same layer;
in other words, the scattering material and the wave-
length conversion material may be mixed to form a
wavelength conversion and scattering layer. This de-
sign can simplify the structure of the wavelength con-
version device 1204 and make the scattering more
uniform.
Further, a lens may be provided between the wave-
length conversion device 1204 and the second ex-
citation light source 1203 and on the output light path
of the second light source 3, to collect or condense
the light. This reduces light loss due to divergent light,
thereby increasing the brightness of the output light
of the second light source 3.
(3) The light splitting and light combining device 2 is
used to split the first wide spectrum light into a third
wavelength light travelling along the first path and a
fourth wavelength light travelling along the second
path, and to direct at least a part of the second wave-
length light to travel along the second path.
In this embodiment, the light splitting and light com-
bining device 2 includes, sequentially along the light
propagation direction, a first reflector 1006, a dich-
roic element 1005, a first focusing lens 1007, a light
homogenization device 1008, a second first focusing
lens 1009, a second reflector 1010, a TIR prism 1011
and a Philips prism 1012. The dichroic element 1005
is located on the output light path of the second light
source 3, for reflecting the output light of the second
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light source 3 to the dichroic element 1005. The di-
chroic element 1005 is located on the output light
path of the first light source 1 (referred to as the first
light path here), for transmitting the output light of
the first light source and reflecting the output light of
the second light source 3 along the first light path.
The first focusing lens 1007 focuses the light from
the first light path. Preferably, the light homogeniza-
tion device 1008 includes, without limitation, a light
homogenizing rod. The light homogenization device
1008 is located on the first light path, for further ho-
mogenizing the light of the first light path. The second
first focusing lens 1009 is located on the first light
path, for further focusing the light of the first light
path. The second reflector 1010 reflects the light
from the first light path onto the TIR prism 1011. The
TIR prism reflects the light from the first light path to
the Philips prism; the Philips prism split the output
light of the first light source into a third wavelength
light traveling along the first path and a fourth wave-
length light traveling along the second path, and di-
rects at least a part of the output light of the second
light source (the second wavelength light) to travel
along the second path. When the output light of the
second light source is a wide spectrum light, the
Philips prism splits the output light of the second light
source into a fifth wavelength light traveling along
the first path and a sixth wavelength light traveling
along the second path. The fourth wavelength light
and the fifth wavelength light may be lights of the
same color but different dominant wavelengths. This
design can enhance the color gamut of the light
source system. Further, when the output lights of the
first light source and the second light source have
the same color, but because they have different
wavelength ranges, the output lights from the first
light source and the second light source can be ef-
fectively combined using wavelength based light
combination, which does no increase the etendue,
and can increase light generating efficiency.
(4) The spatial light modulators include the first spa-
tial light modulator 1013 and the second spatial light
modulator 1014. The first spatial light modulator
1013 modulates the light traveling in the first path,
and the second spatial light modulator 1014 modu-
lates the light traveling in the second path.
(5) The control device 1015 is used to control the
first light source 1001 and the second light source
1003, as well as to control the first spatial light mod-
ulator 1013 and the second spatial light modulator
1013 to modulate the lights. The control device 1015
performs pulse width modulation for the first excita-
tion light source 1001 and the second excitation light
source 1003, to achieve brightness and ON/OFF
control of the first excitation light source 1001 and
the second excitation light source 1003. The control
of the first spatial light modulator 1013 and second
spatial light modulator 1014 by the control device

1015 includes the modulation of the output light
amount.

[0047] The control process performed by the control
device 1015 is explained below with reference to Fig. 14.
For convenience of explanation, in this embodiment, yel-
low light is used as an example of the output light of the
first light source, and cyan light is used as an example
of the output light of the second light source. The yellow
light is split by the light splitting and light combining device
into a red light and a first green light, and the cyan light
is split by the light splitting and light combining device
into a second green light and a blue light. In one period,
in the first 0.3T, the control device 1015 controls the first
light source 1 to be OFF, and controls the second light
source 3 to be ON. The light emitted by the second light
source 3 is split by the Philips prism; the blue light is input
into the second spatial light modulator via the second
path, and the second green light is input into the first
spatial light modulator via the first path. The control de-
vice 1015 controls the second spatial light modulator to
modulate the blue light, and controls the first spatial light
modulator to modulate the second green light (the mod-
ulation is based on the source data after processing by
the control device). During 0.3T - 1T, the control device
1015 controls the first light source first light source 1 to
be ON, and controls the second light source 3 to be OFF.
The output light from the first light source 1 is a yellow
light, which is split by the Philips prism into the red light
and the first green light. The first green light is input into
the first spatial light modulator via the first path, and the
red light is input into the second spatial light modulator
via the second path. The control device 1015 controls
the first spatial light modulator to modulate the red light,
and controls the second spatial light modulator to mod-
ulate the first green light. The first green light and the
second light are lights of the same color but different dom-
inant wavelengths; after light combination, a green pri-
mary light is obtained. In practice, the output light of the
first light source and the output of the second light source
may both be any wide spectrum light (as long as the
primary lights obtained after splitting include at least three
primary lights). The output lights of the first light source
and second light source are divided in the time domain,
then first combined by the light splitting and light com-
bining device, and then split by the prism. The output
light of the first light source is split into two different pri-
mary color lights, and the output light of the second light
source is split into two different primary color lights; of
which, one of the primary color lights split from the first
light source and one of the primary color lights split from
the second light source are combined to become one
primary color light. This can improve the coverage of the
color gamut, so that the display image using the output
of the light source system is more vivid. In this embodi-
ment, the output light of the first light source may be yel-
low and the output light of the second light source may
be magenta; the color of the two output lights of the first
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light source and second light source may also be
swapped, and the light splitting and light combination
principles are the same as described above.
[0048] In the example of Fig. 12, the control module
1082 controls the first light source and the second light
source to sequentially turn ON/OFF. In practice, the
ON/OFF of the first light source and the second light
source within the same period T may overlap in time, and
the number of their ON/OFF switch within the same pe-
riod T may be N times (where N is a natural number). By
turning the first light source and the second light source
ON/OFF multiple times within the same period T, the light
switching frequency is increased, which can eliminate
the "rainbow" effect.
[0049] Using the above embodiment, by using two
wide spectrum lights, after splitting them using the light
splitting and light combining device and then inputting
into two spatial light modulators, there is no loss of light
of the light sources; moreover, the two spatial light mod-
ulators in the same time interval respectively modulate
different color lights, which increase the brightness of the
light source system. Further, by using two spatial light
modulators to simultaneously process the light, the
switching speed of the three primary color lights is in-
creased, which eliminates the "rainbow" effect.
[0050] The present invention is also directed to a pro-
jector system, which employs a light source system of
any one of the above embodiments.
[0051] It will be apparent to those skilled in the art that
various modification and variations can be made in the
light source system and related methods of the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention
cover modifications and variations that come within the
scope of the appended claims and their equivalents.

Claims

1. A light source system comprising:

a first light source for generating a first wide
spectrum light;
a second light source for generating a second
wavelength light;
a light splitting and light combining device, dis-
posed on light paths of the first light source and
the second light source, for splitting the first wide
spectrum light generated by the first light source
into a third light travelling along a first path and
a fourth wavelength light travelling along a sec-
ond path, and for directing at least a part of the
second wavelength light generated by the sec-
ond light source to travel along the second path,
wherein wavelength ranges of the third wave-
length light and the fourth wavelength light are
different;
a first spatial light modulator, for receiving light

from the first path and modulate the received
light;
a second spatial light modulator, for receiving
light from the second path and modulate the re-
ceived light; and
a control device, electrically coupled to the first
light source, the second light source, the first
spatial light modulator and the second spatial
light modulator, for controlling the first light
source and the second light source and control-
ling the first spatial light modulator and the sec-
ond spatial light modulator to modulate light,
wherein wavelength ranges of the first wide
spectrum light and the second wavelength light
are different.

2. The light source system of claim 1, wherein the sec-
ond wavelength light is a wide spectrum light.

3. The light source system of claim 2, wherein the sec-
ond wavelength light is a cyan light, and the first wide
spectrum light is a yellow light.

4. The light source system of claim 2, wherein the sec-
ond light source includes:

a second excitation light source for generating
a second excitation light;
a second wavelength conversion device, dis-
posed on a light path of the second excitation
light, for absorbing the second excitation light to
generate a converted light; and
a second drive device for drive the second wave-
length conversion device to move horizontally,
vertically or in a circular motion.

5. The light source system of claim 4, wherein the sec-
ond wavelength conversion device includes:

a wavelength conversion layer; and
a substrate for carrying the wavelength conver-
sion layer.

6. The light source system of claim 4, wherein the sec-
ond wavelength conversion device includes:

a substrate;
a wavelength conversion layer; and
a scattering layer,

wherein the substrate carries the wavelength con-
version layer and the scattering layer,
wherein the wavelength conversion layer is disposed
between the substrate and the scattering layer, or
the scattering layer is disposed between the sub-
strate and the wavelength conversion layer.

7. The light source system of claim 2, wherein the light
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splitting and light combining device splits the second
wavelength light into a fifth wavelength light travelling
along the first path and a sixth wavelength light trav-
elling along the second path.

8. The light source system of claim 7, wherein the con-
trol device controls the first spatial light modulator to
modulate the third wavelength light and the fifth
wavelength light, and controls the second spatial
light modulator to modulate the fourth wavelength
light and the sixth wavelength light.

9. The light source system of claim 7, wherein the light
splitting and light combining device includes a first
reflector, a first dichroic element, a second reflector,
a TIR (total internal reflection) prism and a Philips
prism;
wherein the first reflector and the first dichroic ele-
ment are disposed in parallel, for combining the first
wide spectrum light and the second wavelength light
using wavelength-based light combination;
wherein the second reflector reflects the second
wavelength light and the first wide spectrum light into
the TIR prism;
wherein the Philips prism spits the light reflected by
the TIR prism, into a light travelling along the first
path and a light travelling along the second path.

10. The light source system of claim 9, wherein the light
splitting and light combining device further includes
a light homogenization device, disposed between
the first dichroic element and the second reflector,
for homogenizing the first wide spectrum light and
the second wavelength light.

11. The light source system of claim 8, wherein the fourth
wavelength light and the fifth wavelength light have
the same color but different dominant wavelengths.

12. The light source system of claim 1, wherein the sec-
ond light source is a solid state semiconductor light
emitting device, which emits any one of three primary
color lights.

13. The light source system of claim 12, wherein the light
splitting and light combining device includes a first
dichroic element and a second dichroic element,
wherein the first dichroic element splits the first wide
spectrum light into a third light which is guided by it
to travel along the firs path and a fourth wavelength
light which is reflected by it into the second dichroic
element, and
wherein the second dichroic element guides the sec-
ond wavelength light and the fourth wavelength light
to travel along the second path.

14. The light source system of claim 12, wherein the sec-
ond light source includes a second excitation light

source, a scattering device and a drive device;
wherein the second excitation light source is a solid
state semiconductor light emitting device, for gener-
ating any one of the primary color lights;
wherein the scattering device is disposed on a light
path of the second excitation light source, for scat-
tering the light generated by the second excitation
light source;
and wherein the second drive device drives the scat-
tering device to move.

15. The light source system of claim 12, wherein the sec-
ond light source is a laser diode or a laser diode array.

16. The light source system of claim 1, wherein the first
light source includes:

a first excitation light source;
a first wavelength conversion device; and
a first drive device;

wherein the first excitation light source generates an
excitation light, the first excitation light source being
a solid state semiconductor light emitting device;
wherein the first wavelength conversion device is
disposed on a light path of the first excitation light,
for absorbing the excitation light to generate a con-
verted light; and
wherein the first drive device drives the first wave-
length conversion device to move.

17. The light source system of claim 16, wherein the first
wavelength conversion device includes:

a wavelength conversion layer; and
a substrate for carrying the wavelength conver-
sion layer;

wherein the wavelength conversion layer contains a
yellow phosphor material.

18. The light source system of claim 16, wherein the first
wavelength conversion device includes:

a wavelength conversion layer;
a scattering layer; and
a substrate for carrying the wavelength conver-
sion layer and the scattering layer;

wherein the wavelength conversion layer is disposed
between the scattering layer and the substrate.

19. The light source system of claim 16, wherein the first
excitation light source is a laser diode or laser diode
array.

20. The light source system of claim 1, wherein the first
light source is a solid state semiconductor light emit-
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ting device.

21. The light source system of claim 1, wherein the con-
trol device controls the first light source and the sec-
ond light source to sequentially turn ON/OFF, where-
in ON states of the first light source and the second
light source do not overlap within a same period.

22. The light source system of claim 1, wherein the con-
trol device controls the first light source and the sec-
ond light source to turn OF/OFF, wherein ON states
of the first light source and the second light source
partially overlap but do not completely overlap within
a same period.

23. The light source system of claim 1, wherein within a
period, the first light source and the second light
source are each turned ON/OFF at least N times, N
being a natural number.

24. A projection system, comprising the light source sys-
tem of claim 1.
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